Question 1

The direct broadcast system in North America operates at 12.2—12.7 GHz, with a
transmit carrier power of 120 W, a transmit antenna gain of 34 dB, an IF band-
width of 20 MHz, and a worst-case slant angle (30°) distance from the geostation-
ary satellite to Earth of 39,000 km. The 18-inch receiving dish antenna has a gain
of 33.5 dB and sees an average background brightness temperature of 7 = 50 K,
with a receiver low-noise block (LNB) having a noise figure of 0.7 dB. The re-
quired minimum CNR is 15 dB.

Find (a) the link budget for the received carrier power at the antenna terminals,
(b) G/T for the receive antenna and LNB system, (c) the CNR at the output of the
LNB, and (d) the link margin of the system.

Answer:



We will take the operating frequency to be 12.45 GHz, so the wavelength is 0.0241
m. From (14.26) the path loss is

Ar R 47) (39 x 10°
Lo = 201log (HT) _2010g(( ”)0(02:] )) — 2062 dB

(a) The link budget for the received power is

P, = 120 W = 50.8 dBm

G, = 34.0 dB
Lo = (—)206.2 dB
G, =33.5dB

P.=—879dBm=163x 10712 W.

(b) To find G/T we first find the noise temperature of the antenna and LNB cas-
cade, referenced at the input of the LNB:

I.=Ts+Ting=Tp+(F—1)Tp =50+ (1.175 — 1)(290) = 100.8 K.
Then G/T for the antenna and LNB i1s

2239
G/T(dB) = 101log — 13.5 dB/K.

100.8
(c) The CNR at the output of the LNB is

P.Ging 1.63 x 10712

CNR = —
kT,BGing  (1.38 x 10723)(100.8)(20 x 10%)

= 58.6 =17.7 dB.

Note that GinB, the gain of the LNB module, cancels in the ratio for the output
CNR.

(d) If the minimum required CNR is 15 dB, the system link marginis 2.7 dB. W

Question 2



A microwave receiver like that of Figure 14.14 has the following parameters:

[ =40GHz, Ggr=20dB,

B = 1 MHz, Frr = 3.0dB,
G4 = 26dB, Ly = 6.0dB,
Nrad = 0.90, Fy =7.0dB,

Tp = 300K, Gir = 30 dB,

T, = 200 K, Fir = 1.1dB.
Ly =1.5dB,

If the received power at the antenna terminals is S; = —80 dBm, calculate the
input and output SNRs.

Answer:



Solution
We first convert the above dB quantities to numerical values, and noise figures to
noise temperatures:

Grr = 1029/10 = 100,
G = 103%1° = 1000,
Ly =1013/10 =1 41,
Ly = 10910 = 40,
Ty = (Fy — 1)Tp = (10710 — 1)(290) = 1163 K,
Trr = (Frr — 1)To = (10310 — 1)(290) = 289 K,
Tir = (Fir — DTy = (10110 — 1)(290) = 84 K.

Then from (14.27), (14.28), and (14.30) the noise temperatures of the receiver,
transmission line, and antenna are

Tic Tl 1163 84(4.0)
Tepc = Ty — 289 — 304K,
REC = IRF+ = o * 00 T 100

TrL = (Ly — DT, = (1.41 — 1)300 = 123K,

T = radTp + (1 — 1rad) Tp = 0.9(200) + (1 — 0.9)(300) = 210 K.

The input noise power, from (14.31), is
N; = kBT4; = 1.38 x 10723(10%)(210) = 2.9 x 10~ °W = —115 dBm.

Then the input SNR is
i = —80+ 115 =35 dB.
N;
From (14.33) the total system noise temperature is
Isys =T4+ Tt + L7 Trec = 210+ 123 + (1.41)(304) = 762 K.

This result clearly shows the noise contributions of the various components. The
output SNR is found from (14.34) as

So S’

N, kBTsys’
kBTsys = 1.38 x 10723(10)(762) = 1.05 x 10~'* W = —110 dBm,

SO

So
F:—80—}-110:30dB. =

0



Question 3

A LEO satellite at an orbital distance of 940 km uses QPSK to communicate with
a handset on Earth. The satellite has a transmit power of 80 W and an antenna gain
of 20 dB, while the handset has an antenna gain of 1 dB and a system temperature
of 750 K. If atmospheric attenuation is 2 dB, and the required link margin is
10 dB, what is the maximum data rate for a bit error probability of 0.01?

Answer

Solution
The wavelength is 1.875 cm, so from (14.26) the path loss is

A R 477) (940 x 103
Lo = 20log (”T) — 20log (( 7) G40 x )) — 176.0 dB

0.01875
The received power is
PP=P+G —Lo—Ls4+G,=494+20—-176 —2+ 1= —108 dBm.

For a link margin of 10 dB, this received power level should be 10 dB above the
threshold level. Thus, the threshold received signal level is

Spin=P- —LM=—108 — 10 = —118 dBm = 1.58 x 10~ W.

From Figure 14.16, the required Ep/no for a bit error rate of 0.01 for QPSK is
about 5 dB = 3.16. Solving (14.36) for the maximum bit rate gives

X _(E)—‘Smm_(&)—l Smm_( 1 ) 1.58 x 10715 _ 48 Kbps
*“\no) mo \no) kT \3.16) (1.38 x 10-23) (750)
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